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In t roduct ion  

The objec t ive  of t h i s  r e s e a r c h  p r o g r a m  is  to  conduct  s t ad ie s  l e a d -  
ing  t o w a r d  devela?ment  of a high e n e r g y  b a t t e r y  u t i l i z ing  a r eac t ive  
m e t a l  anode szck  a s  sod ium o r  l i th ium.  
f o r  c o m p a c t  and r e l i ab le  e l ec t r i ca l  e n e r g y  s a a r c e s  i n  m i s s i l e s  and 
t o r p e d o e s .  F o r  space  appl icat ions b a t t e r i e s  c a n  be  vacuum s e a l e d ,  
des igned  to \vor.i Znder no-gravi ty  condi t ions .  and a r e  unaffected b y  
r ad ia t ion  but tkei: p r e s e n t  u s e  ii-ould be i n c r e a s e d  i f  t h e i r  s i ze  and  
weight  could be  r educed .  
u s e d  p r e s e n t i y  k a s  a:i e n e r g y  output p e r  ucit  =.eight of 80  \vat: h r  lb .  
at a potent ia l  01 ;. 4-1 .  3 vo l t s .  
specif icat ior i  v i11  he a t t empted  in  t h i s  research 'us ing  reacti-,-e m e t a l  
a n o d e s .  

Bat :er ies  a r e  un ive r sa l ly  u s e d  

The zinc-silxrer oxide p r i m a r y  b a t t e r y  m o s t  

- .  An improverr.ent on s u c h  a v:eight 

The r e s e a r c h  p r o g r a m  c a n  be divided into t h r e e  p h a s e s :  

- f a b r i c a t i o n ,  ce l l  m a t e r i a l  se lec t ion ,  and cathode cons t ruc t ion ;  and 
The  

: 1 )  study 
of  so lven t - e l ec t ro ly t e  s y s t e m s ;  

( 3 )  e l e c t r i c a l  p e r f o r m a n c e  t e s t s  on s ingle  c e l l s  and  b a t t e r i e s .  
r e s e a r c h  conducted du r ing  th i s  q u a r t e r  c e n t e r e d  on  p h a s e  (1)  and p a r t s  
of  p h a s e  ( 2 ) .  

(2)  des ign  si ce l l  including anode 

n 

The success fu l  ope ra t ion  of a b a t t e r y  depends  m a i n l y  on the so lvent -  
e l e c t r o l y t e  p r o p e r t i e s .  In te rna l  r e s i s t a n c e ,  a f a c t o r  of c e l l  des ign  and 
e l e c t r o l y t e  solut ion conduct ivi ty ,  l i m i t s  t h e  p s ~ ~ : ~ r  ava i l ab le  f rom a 
b a t t e r y .  Low t e m p e r a t u r e  ope ra t i an  i s  a l s o  dependent  on  the solut ion 
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conduct iv i ty ,  which  d r o p s  \ \hen  the  l lquid f r e e z e s .  The  c h e m i c a l  
s tdb i l i ty  of r e a c t i v e  m e t a l  a n o d e s ,  ca thodes ,  and  the r e s i s t a n c e  to  
a t t a c k  of c e l l  c o n t a i n e r  m a t e r i a l s  a r e  dependent  on the  n a t u r e  of  the  
e l e c t r o l y t e  so lu t ion  f o r  t he  t i m e  of ac tua l  contac t .  
of t he  anode  and  ca thode  p roduc t s  f r o m  the  e l e c t r o d e s  tc, keep  the si ir-  
f a c e s  conduct ing  a n d  p ro rno t r  i k ) r ~ i (  inass t r a n s f e r  depend a l s o  on 
p r o p e r t i e s  of solvciit ~ n d  r 1 t . c  t r r - i l y t t .  s y s t e m s  T h u s  t h e  p r o p e r t i e s  of 
solvt 'n ts  and  e l t ~ ( . t i o l y t t ~ s  \ \ e r e  i i r s t  t o  b e  rev iewed.  

Rapid d isso lu t ion  

P r e l i m i n a r y  m e a s u r e m e n t s  of t h e  conduct ivi ty  of sa t i l ra ted  so lu t ions  

iMeasurement  of conduct ivi ty  i:: s a t a r z t e d  sn lu t ions  

F r e c i s i o n  

of salts KCl .  NaC1, K B r ,  L i B r ,  Et,NBr, and  KCNS \ y e r e  obtained in  
p ropy lene  c a r b o n a t e .  
of KCNS a z d  E t4NBr  in  d ime thy l  sulfoxide.  a c e t o n i t r i l e  and x i x t u r e s  of 
N m e t h y l  a c e t a m i d e  m.ith prop)-ie:-!e c a r b o n a t e  have  bee:. :nade.  
m e a s u r e m e n t  of conductiy.-iiy a ~ d  \ - i scos i ty  o n  pur i f ied  so lvents  a r e  c u r  - 
r e n t l y  be ing  made. 
sh ie lded  IVheatstone b r i d g e  c i r cu i t .  
audio  o s c i l l a t o r  supp l i e s  the  1000 c p s  a l t e rna t ing  c u r r e n t .  
b a l a n c e  poic: is m e a s u r e d  v isua l i \ -  lvith a Tektroi i ix  T>-;se 5 3 1  osci!lo- 
s c o p e .  

Conduct iv i ty  m e a s u r e m e n t s  a r e  c a r r i e d  out u.ith a 

The  b r idge  
A Hen-lett  P a c k a r d  >lode1 200  C 

T h e  corn-patibility of l iqu ids  \sith l i t h i u m  h a s  b e e n  a s c e r t a i n e d  f o r  
l i qu ids  in  the p u r i t y  zi\-aila'.!e, and c e r t a i n  t e s t s  a r e  be:-$ r e r u n  on  
pu r i f i ed  so lven t s .  

An e x p e f i m e n t a l  c e l l  c o n s t r u c t e d  of 1,  4 inch  po1yeth;;lene h a s  b e e n  
The c e l l  will  ho ld  a s s e m b l e d  i o r  i n i t i a l  e x p e r i m e n t s  xvith s ing ie  c e l l s .  

tyxo 1/2- inch-wide lithium- s t r i p s ,  one oil each side r,f ;I i , ' 2  inch s 1;2 
iiich ca thode  block.  

Comn:tl:.cially p r e p a r e d  so lvents  a r e  ava i l ab le  which a r e  conipa t ib le  
with l i t h ium m e t a l  and  urhich have  h igh  conduct ivi ty  with e l e c t r o l y t e s  and  
t h u s  could b e  u s e d  in  k a t t e r y  s y s t e m s .  
i o n s  c a n  b e  t o l e r a t e d  \sith l i t h ium.  t h e r e f o r e  s a l t s  s u c h  a s  K C N S  o r  
Et ,NBr  will b e  u sed  a s  cl tc t rolyt t9s .  

Ne i the r  acids nor  a m m o n i u m  



r .  

F u t u r e  Work 

I *  Work  on e l ec t ro ly t l c  conduc to r s  in  mixed  solvent  - mixed  e l ec t ro ly t e  
s y s t e m s  will  be cont inued,  and  op t imum s y s t e m s  f o r  b a t t e r y  u s e  found. 
L i t e r a t u r e  f r o m  The  A r m e d  S e r v i c e s  Techn ica l  Informat ion  Agency 
pe r t inen t  to b a t t e r y  r e s e a r c h  h a s  been o r d e r e d  and the s y s t e m s  l i s t e d  
will  be  s tud ied  <is a h e l p  in  b a t t e r y  d e s i g n .  
on  Naval  Ordnance  e x p e r i e n c e  in developing similclr  prin1clr-y b a t t e r i e s  
is p lanned  f o r  J a n u a r y .  
p r o p e r t i e s  of l i th ium anode  cel ls  with s e l e c t e d  solvent  s- ta lectrolyte  
s y s t e m s  and se l ec t ed  cd thodes .  

X t r i p  to ob td in  in fo rma t ion  
% 

P r e l l m l n a r y  tes t s  \vi11 be condiicttad o n  e l e c t r i c a l  

i 

1 

E x p e n d i t u r e s  

A s u m m a r y  of t.xpt.nditurc.s for t h t h  p e r ; L ~ a  October L .  1954 to 
D e c e m b e r  3 1 ,  1 9 5 9  i s  i t e m i z e d  as  fo1tov:s: 

To ta l  Salaries and W a g e s  

P r o f e s s i o n a l  
Support  

$ 988. 3 6  
955. 55 

Overhead  and  o t h e r  i n d i r e c t  c o s t s  2 ,  3 3 9 . 4 5  

Expendable  suppl ies  2 3 2 . 3 5  

I M a j o r  equipment  - - -  

T r a v e l ,  C o m m .  , r e p o r t  p r e p a r a t i o n  2.  86  

Misce l l aneous  c o s t s  - - _  

T o t a l  C o s t s  4, 518. 34 

F i x e d  F e e  3 5 7 . 4 2  
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